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The polyene antibiotic flavomycoin contains a pentaene chromophore which
is conjugated with the lactone carbonyl group. This fact was proved by
reduction of flavomycoin with lithium aluminum hydride, by low temperature
ultraviolet spectroscopy and the infrared absorption of perhydro-flavomycoin.

Oxidative degradation of perhydro-flavomycoin resulted in 2-methyl-tridecane-
1, 13-dioic acid which was identified by gas chromatography and mass spec-
trometry. A partial formula for flavomycoin is given.

Flavomycoin is a crystalline polyene antibiotic produced by Streptomyces roseo-

flavus ARAI 1951 var. jenensis nov. var. JA 5068. Its isolation and characterization
are described in previous reports1*2). The molecular weight of 721 was determined by
mass spectrometry. Elemental analysis and degradation of the molecule to the parent
hydrocarbon led to the empirical formula C41H68O10.

Flavomycoin was found to contain no methoxyl or acetoxyl groups and does not
react with periodate. C-Methyl determination gave a minimum value of 3 such
groups. Further the presence of 5 double bonds, 8 hydroxyl groups and 1 lactone

group was indicated. This paper reports the investigation of the chromophore of
flavomycoin.

The yellow-green color and the broad absorption maximumat 363 nmof flavo-
mycoin can only be explained by the fact that a polyenic system must be present.
The maximumpeak at 363 nm corresponds to the second peak of a hexaene3). On
the other hand we found by catalytic hydrogenation only 5 double bonds. Therefore
it seemed possible that a pentaene system might be conjugated to a carbonyl function.
To prove this supposition flavomycoin was reduced under several conditions.
At first flavomycoin was subjected to a treatment with sodium borohydride. The

ultraviolet spectrum of the reduction product was identical to the spectrum of flavo-
mycoin showing that in the chromophore no structural change had taken place.

Then flavomycoin was reduced with lithium aluminum hydride dropping the solution
of flavomycoin into a stirred lithium aluminum hydride suspension in tetrahydro-

furan. The mixture was refluxed for 5 hours. The reduction product isolated by
extraction with butanol showed an ultraviolet absorption spectrum with three bands

* This paper was presented partly at the 6th International Congress of Chemotherapy, July
1969, Tokyo.
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at 318, 304 and 288 nm

which corresponds to that
of a typical tetraene3).

This unexpected re-

sult can be explained, that
under those conditions
a, /?-unsaturated lactones
react with lithium alumi-
numhydride by simul-
taneous hydrogenation of
the double bond, as is
known from literature40.
Therefore we reduced
flavomycoin under less
drastic conditions, using
the so-called inverted
method5). A solution of

lithium aluminum hydride
in tetrahydrofuran was
dropped into a solution
of flavomycoin dissolved
in tetrahydrofuran-pyri-
dine at -20°C, and the

mixture was stirred for 10
hours. The isolated pale-
yellow reduction product

showed peaks at 355, 337

and 320 nm corresponding
to those of pentaene anti-
biotics as presented in
Fig. 1. This gave evidence
that all 5 double bonds

must belong to a pentaene
system which is in con-
jugation to the lactone

group.

Fig. 1. Ultraviolet absorption of LiAlH4-reduction product
of flavomycoin (reduction temperature -20°C) and
original flavomycoin.
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Fig. 2. Ultraviolet absorption of flavomycoin at
-185°C and 25°C in methanol-ethanol.
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T a b le 1.  C o m p a r is o n  o f a b s o rp tio n  b a n d s o f fl a v o m y c o in
a n d  u n s a tu r a te d  a c id s a t lo w  te m p er a t u r e s

s u b s ta n c e      M a x im a (n m )

F l a v o m y c o i n  a >               3 9 0     3 6 9 3 5 1

2 ,  4 ,  6 - O c t a t r i e n o i c  a c i d  b >         3 0 5     2 9 1 2 7 9

2 ,  4 ,  6 ,  8 - D e c a t e t r a e n o i c  a c i d  b >       3 4 5     3 2 8 3 12

2 ,  4 ,  6 ,  8 ,  1 0 - D o d e c a p e n t a e n o i c  a c i d w    3 8 4     3 6 3 3 4 4

a) At -185°C in methanol-ethanol
b) At -196°C in ethylether-ethanol6

This fact is also confirmed by a shift of the lactone carbonyl band in the in-
frared spectrum from 1705cm"1 to 1730cm"1 when flavomycoin is hydrogenated.

A direct method for determination of this novel chromophore type within polyene
antibiotics we could accomplish by application of the low temperature ultraviolet spec-
troscopy. Hausser, Kuhn et al.Q) had found that polyene carboxylic acids normally
exhibiting a broad absorption peak, at low temperature e.g. -196°C, show a regular
series of sharp peaks. Therefore the measurement of ultraviolet absorption of flavo-
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mycoin was carried out at -185°C. The resulting spectrum showedfine structure with
maxima at 390, 369 and 351nm as demonstrated in Fig. 2. Compared with the ab-
sorption behavior of some polyene carboxylic acids the ultraviolet spectrum of
flavomycoin was found to be similar to that of dodecapentaenoic acid (Table 1). The
shift of 6 nm to longer wave lengths can be explained by the fact that flavomycoin
must be considered as a substituted derivative of this acid. Therefore in flavomycoin
an analogue structure can be discussed.

The chromophore of flavomycoin must have all-trans configuration, because it is
impossible to accomplish a cis-trans isomerization under conditions reported for tri-
chomycin7) and carotenoids8). The existence of trans double bonds is explained by

the distinctly marked band at 1010cm"1 in the infrared spectrum of flavomycoin.
According to Lunde and Zechmeister9) cis double bonds absorb at 772-778cm"1.
The weak band at 750cm"1 in the infrared spectrum of flavomycoin cannot be at-

tributed to an absorption of a cis double bond compared with the following fact :
In the case of 8, S'-as-crocetin-dimethylester the c/s-peak appears at 775 cm"1, whereas
another peak at 747 cm"1 is present in the infrared spectrum of 8,8r-as-crocetin as
well as of all-£r#Hs-crocetin-dimethylester10).

Since a cis double bond in flavomycoin is not detectable the "degradation" of

the fine structure in the ultraviolet spectrum maybe caused only by the conjugation
of the lactone carbonyl group with the pentaene chromophore.

To decide whether the chromophore is branched or unbranched, the oxidative de-
gradation of flavomycoin was accomplished by modification of methods of Djerassi11}
and Ceder.12) Oxidative fusion of flavomycoin gave no higher dicarboxylic acids, but
that of perhydro-flavomycoin gave 2-methyl-tridecane-l, 13-dioic acid as largest di-
carboxylic acid together with traces of 2-methyl-dodecane-l, 12-dioic acid and short
chain acids.

Flavomycoin was hydrogenated, the lactone group reduced by lithium aluminum
hydride and the obtained polyol oxidized in acetic acid with chromic acid at 60°G.

The dicarboxylic acid fraction was extracted from the reaction mixture and partly
separated by preparative thin-layer chromatography. The identification of 2-methyl-

Fig. 3. Gaschromatogram of the purified dimethylester
fraction (1% SE-30 on 140°C).

Massspectra were taken of two componentsat the time
which corresponds to the marks in the figure.
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Fig. 4. Mass spectrum of the component A identified as
dimethylester of 2-methyl-tridecanedioic acid.
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tridecane-1, 13-dioic acid in form of dimethylester was carried out by gas chromato-
graphy, comparing the retention time with that of knownacids on polar and unpolar
columns, and by negative ion mass spectrography showing the parent peak at m/e 285
(M-l).

A very exact separation and identification of the dicarboxylic acids is possible by
the combination of gas chromatography and mass spectrometry13). The gas chromato-
graphic separation by this method is shown in Fig. 3, the identification of the main

peak(A) by mass spectrometry in Fig. 4. The highest peak at m/e 286 is the molecule
ion peak (M+) of 2-methyl-tridecane-l, 13-dioic acid dimethylester (calcd. 286.2).

The mass spectra of ^-branched dicarboxylic acid esters have not yet been dis-
cussed in literature, but by utilizing the experience of Ryhage and Stenhagen14) for
straight chain analogs and esters of monomethyl-substituted long chain carboxylic

acids, one can use the following approach. In unbranched methyl esters, one of
principal cleavages occurs between the a and (3 carbon atoms to give m/e 74 and M-
73, while in ^-methyl esters the fragmentation
occurs predominantly at the branched carbon to
yield m/e 88 and M-87. In the case of dicarboxylic
acid (A) the base peak at m/e 88 and the relative

intensity of the peak at M-87 indicate clearly that
this compound is the 2-methyl-tridecane-l,13-
dioic acid dimethylester. The other peak (B) in
the gas chromatogram was identified by these
methods as 2-methyl-dodecane-l, 12-dioic acid

dimethylester.

These results establish the structural features

from G-l to G-13 in flavomycoin and the presence
of a hydroxyl group at G-13 (Fig. 5). Further

there is a methyl group in this region which can
beattached to C-12 or C-2. The final position of

Fig. 5. Degradation scheme of the
chromophore of flavomycoin
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the methyl group is to determine by ozonolysis, however according to the results
obtained till now a position at C-12 is most probable.

In connection with earlier studies1} we can establish the following partial formula
of flavomycoin :

CK^*\ /^\ /^V /^H. /CHv
2 XCH/ ^CH/ ^CW ^CH/ ^CH

^CH-CIL,

-CH2-CH/XCH-
I

-(-CH2-CH-)6OH

-(C13H25O)-

I
OH

The results of our structural investigations on flavomycoin point to a macrocyclic
polyene structure. But in contrast to the most known pentaene antibiotics, flavo-

mycoin contains a pentaene system in conjugation with the lactone carbonyl group.
The same chromophore type was found likewise in mycoticin16) and later also in

flavofungin15). To a further structural difference between these antibiotics and
flavomycoin points the finding of an ^-methyl-branched dicarboxylic acid by the
oxidative degradation of perhydro-flavomycoin, whereas the perhydro-compounds of
mycoticin and flavofungin would give under similiar conditions the unbranched
tridecane-1, 13-dioic acid.

Experimental

Reduction of flavomycoin with sodium borohydride
Flavomycoin (0.1g) was dissolved in 30ml of 50% ethanol, 0.02g of sodium boro-

hydride added and the mixture allowed to stand overnight. After neutralization at pH 6.8
and removal of ethanol the mixture was extracted with ethyl acetate, concentrated and
precipitated by addition of ethyl ether. A yellow powder (0.08g) was obtained which
showed an ultraviolet spectrum being identical with that of the starting material.
Reduction of flavomycoin with lithium aluminumhydride
a) at 65°C: One gram of flavomycoin was dissolved in 30ml of tetrahydrofuran-

pyridine mixture (2 : 1) and added dropwise to 40ml of tetrahydrofuran containing 0.8 mg
lithium aluminum hydride. The mixture was stirred and refluxed for 10 hours. After
decomposition of the unchanged hydride with water and acidifying to pH 5, tetrahydro-
furan was evaporated, the residue diluted with water and extracted three times with
50ml butanol. The extract was washed with 1%sulfuric acid, water and 1%sodium
bicarbonate solution, evaporated to 25 ml and the pale-yellow reduction product precipitated
with petroleum ether.

b) at -20°C: 0.53g of flavomycoin dissolved in a mixture of 60ml tetrahydrofuran
and 10ml pyridine, was cooled to -40°C. After adding of 0.5g lithium aluminum hydride
dissolved in 20ml of tetrahydrofuran, this mixture was stirred for 10 hours at an interior
temperature of -20°C. The unchanged hydride was destroyed with water and the reduc-
tion product isolated as above described.

Oxidation of perhydro-flavomycoin and identification of 2-methyl-l, 13-tridecanedioic
acid

A sample of perhydro-flavomycoin (2 g) was dissolved in 30ml of tetrahydrofuran
and the solution slowly added to a suspension of 4g of lithium aluminumhydride and
80ml tetrahydrofuran. The mixture was refluxed for 2 days, then the unchanged hydride
destroyed with water and the mixture evaporated to dryness under reduced pressure. The
inorganic material was dissolved in dilute acid at 0°C and the polyol was extracted with
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butanol. The combined extracts were washed with water and 1 %sodium bicarbonate
and the butanol was removed under reduced pressure to give 1.8g of an oily polyol.

The polyol (1.8g) was oxidized with 10g of chromium trioxide in 700ml of glacial
acetic acid at 65°C for 2 hours. The unchanged chromiumtrioxide was reduced by sulfur
dioxide and the mixture was evaporated to dryness. The residue was dissolved in water
and extracted with ethyl ether three times. The combined extracts were washed with a
small amount of water, dried over sodium sulfate and evaporated to dryness ; 1.1g of a
strong sour smelling oil were recovered. The short chain oxidation products were removed
by preparative thin-layer chromatography (Silica Gel G ; E. Merck, Darmstadt ; layer : 1 mm;
system : diisopropyl ether-formic acid-water (90 : 7: 3), chamber saturation ; length of
run: 12cm). The zone corresponding to dicarboxylic acids of C10 to C14 was eluted with
methanol and the solution evaporated to dryness. The residue was dissolved in 30ml of
ethyl ether and esterified with diazomethane yielded 45 mg dimethyl ester fraction. The
ester fraction was filtered over alumina and analyzed by gas chromatography at 153°C
using a diethylene glycol succinate column. The gas chromatogram showed a number of
peaks due to a series of homologous dimethyl esters. The compound of the largest peak
(A) was identified by comparison of the retention time with test acids as 2-methyl-tri-
decanedioic acid. The negative ion mass spectrum of the ester fraction showed the highest
molecule ion at m/e 285 (M-l), calculated for 2-methyl-tridecanedioic acid dimethyl ester
286.2.

For the combination gas chromatography-mass spectrometry13) were used 1 %SE-30
on Celite column and Atlas CH4mass spectrometer respectively. The components A and
B (Fig. 3) were identified by direct mass spectrometry to be 2-methyl-tridecanedioic acid

dimethyl ester (m/e=286) (Fig. 4) and 2-methyl-dodecanedioic acid dimethyl ester (m/e=272).
Isomerization attempts

a) 30mgof navomycoin were dissolved in a 10ml mixture of acetone-acetic acid
(1: 1) at 60°C and allowed to stand 2 hours. Petroleum etherwas added and after cooling
the precipitate was collected by filtration, washed with acetone and ether and dried to
yield a yellow powder. The ultraviolet absorption was unchanged.
b) According to Brown & Wald17), a methanolic solution of flavomycoin (0.1 mg/ml)

and iodine (0.001 mg/ml) was irradiated for 2~40 minutes with white light of intensity of
about 30 ft candles. No significant change of the ultraviolet spectra was observed.

Low temperature ultraviolet spectroscopy

The low temperature ultraviolet spectra were taken with a BeckmanDK2A using a
quartz cell cooled with liquid nitrogen.

Acknowledgements

The authors wish to express their sincere thanks to Dr. D. Leupold, Berlin, for measurements
of low temperature ultraviolet spectra, Dr. R. Ryhage, Stockholm, for measurements with the com-

bination gas chromatograph-mass spectrometer and Prof. Dr. C. Djerassi, Stan ford, for a sample of
2-methyldodecanedioic acid.

They are also indebted to Dr. R. Tummler, Dresden, for negative ion mass spectra and Dr. W.
Herb, Jena, for gas chromatograms.

References

1) Sohlegel, R. & H. Thrum : A new polyene antibiotic, flavomycoin. Structural investigations.
I. J. Antibiotics 24 : 360-367, 1971

2) Schlegel, R.; H. Thrum, G. Bradler & R. Fugner : Flavomycoin, ein neues Polyenantibiotikum.
Produktion, Isolierung und Eigenschaften. Ztschr. Allg. Mikrobiol., in preparation

3) Oroshnik, W. & A. D. Mebane : The polyene antifungal antibiotics. Fortschr. Chem. Org.
Naturstoffe 21 : 18~79, 1963

4) Karrer, P. &P. Banerjea : Reduktion von Cumarin und von o-Cumarsaureester mit Lithium-
aluminiumhydrid. Helv. Chim. Acta 32 : 1692-1693, 1949



374 THE JOURNAL OF ANTIBIOTICS JUNE 1971

5) Haj6s, A. : Komplexe Hydride..p. 108, 142-143, VEB Deutscher Verlag der Wissenschaften,
Berlin, 1966

6) Hausser, K. W.; R. Kuhn & G. Seitz: Lichtabsorption und Doppelbindung. V. Uber die Ab-
sorption von Verbindungen mit konjugierten Kohlenstoffdoppelbindungen bei tiefer Temperatur.

Z..Physik. Chemie, Abt. B 29 : 391-452, 1935

7) Nakano, H. : Studies on trichomycin. VI. J. Antibiotics, Ser. A 14: 72-85, 1961

8) Karrer, P. & E. Jucker : Carotenoids. p. 38-42, Elsevier Publishing Company, Inc., 1950
9) Lunde, K. & L. Zechmeister : Infrared spectra and cis-trans configurations of some carotenoid

pigments. J. Am. Chem. Soc. 77 : 1647-1653, 1955

10) Kuhn, R.; H. H. Inhoffen, H. A. Staab & W. Otting : Vergleich des as-Crocetin-dimethyl-

esters aus Safran mit 8, 8'-«s-Crocetin-dimethylester. Chem. Ber. 86 : 965-968, 1953
ll) Djerassi, C.; M. Ishikawa, H. Budzikiewicz, J. N. Shoolery & L. F. Johnson : The structure

of the macrolide antibiotic filipin. Tetrahedron Letters 1961 : 383-389, 1961

Ceder, 0. : Pimaricin. IV. Investigation on the pattern of unsaturation and oxygenation and
the empirical formula. Acta Chem. Scand. 18 : 103-110, 1964

Ryhage, R. : Use of a mass spectrometer as a detector and analyzer for effluents emerging
from high temperature gas liquid chromatography columns. Analyt. Chem. 36 : 759-764, 1964
Ryhage, R. & E. Stenhagen : Mass spectrometric studies. III. Esters of saturated dibasic

acids. Arkiv Kemi 14 : 497-504, 1959. IV. Esters of monomethyl-substituted long chain
carboxylic acids. Arkiv Kemi 15 : 291-304, 1960

Bognar, R.; B.O.Brown, W. J. S.Lockley, S.Makleit, T. P.Taube, B. C. L. Weedon & K.
Zsupan : The structure of flavofungin. Tetrahedron Letters 1970 : 471-474, 1970

Wasserman, H. H.; I. E. Van Verth, D. I. McCaustland, I. J. Borowitz & B. Kamber : The my-
coticins, polyene macrolids from Streptomyces ruber. J. Am. Chem. Soc. 89 : 1535-1536, 1967
Brown, P. K. & G. Wald : The neo-b isomer of vitamin A and retinene. J. Biol. Chem. 222 :

865-877, 1955


